ABSTRACT
O (SO
2-) value, Rafter method is used. CO 2 O value in groundwater sulphates is specific and will not change its composition during under a condition of major sulphate sources. However, the changes of δ
18
O value in groundwater sulphate may be able to take place if it is influenced by mixing process with other sulphate sources, for examples dissolving sulphate mineral, releasing SO 2 gas from volcanic or industrial activities or mixing by seawater. The oxygen isotope composition of sulphate may be also influenced by the oxygen isotope composition of any H 2 O with which it has been in contact. Reaction such as isotope exchange, sulphate reduction, physical process (crystallization and adsorption), oxidation of sulphur compounds also can change δ
O value of groundwater sulphate. In the region having low temperature with normal pH, reaction of oxygen isotope exchange between sulphate and water is extremely slow so that the reaction can be neglected. In contrast to geothermal areas having higher temperature and more acidic pH, reaction of oxygen isotope exchange is faster [1, 2] . O is much larger) [2, 5] . Processes involving SO 4 2-alone (crystallization, adsorption and reduction) move the point vertically. Combinations of the above processes can move point in any direction. Some shifts will be minor in comparison to the others. In subsurface anaerobic environments, SO 4 2-reduction may be extensive with large accompanying isotope fractionation. The largest shifts in both direction and magnitude are expected from oxidation of sulphides and other S-species involving meteoric water at higher latitude [2, 6] .
The aim of this experiment is to know the processes probably influencing δ
O composition in groundwater sulphate and to determine sulphate origins in deep groundwater of Jakarta and its surroundings. Groundwater samples were taken from bore wells at the depth of 40-140 m, which are classified to upper confined groundwater.
Sampling sites are mostly located in industrial areas. Sampling activities were conducted in dry season from August to September 1998. The distances between two sampling sites are approximately 5 km.
EXPERIMENTAL SECTION

Materials
The materials used in this experiment were HgCl 2 , liquid nitrogen, acetone p.a, CO 2 gas high pure 99.9%, graphite, distilled water, BaCl 2 10%, dry ice, Cl -anion exchange resin (Dowex 50-100 mesh), HCl 6 M, NaCl 1 M.
Instruments
The equipments used in this experiment were Sira 9 ISOGAS mass spectrometer and isoprep O-18 line, sulphate preparation line, analytical balance, pH meter, digital thermometer, agate mortar, hot plate, platinum foil, dewar, 10-L plastic bottles, glass column: internal diameter 28 mm and height 200 mm.
Procedures
Sampling methods
Water samples were collected in 20 mL glass vial, for O-18 in water analysis. These samples must be sealed tightly to prevent evaporation process. For O-18 in dissolved sulphate, water samples were collected in 10-L plastic bottles or depend on their sulphate content, then 1 mg HgCl 2 was added for sulphate preservation from bacterial activities.
Preparation of CO 2 gas for O-18 isotope analysis in dissolved sulphates [7] .
O-18 in dissolved sulphates from groundwater was analyzed according to Rafter method. For pretreatment purpose, sulphate concentration should be determined previously. If sulphate concentration in fluids is higher than 50 ppm, the samples can be directly precipitated as BaSO 4 by adding BaCl 2 whereas the low sulphate samples should be passed through the ionic resin column. Ionic resin column was conditioned by eluting 150 mL of HCl at a rate of 4-5 ml/min and then 300 mL of distilled water at the same rate. About 10 L of filtered sample was passed through the column at flow rate of 150-200 mL/min, allowing the sulphate compound to be absorbed completely. Three hundreds mililiters of NaCl was eluted through column at a flow rate of 1 mL/min in order to dissolve the absorbed sulphate then this concentrated sulphate was put in beaker glass. This sample was reduced its pH to 4 by dropping 10 % HCl and heated (90 -100 o C) to remove CO 2 gas. Amount of BaCl 2 was added to form the white precipitation of BaSO 4 .
About 50 mg precipitation of BaSO 4 was grinded with graphite. This sample was transferred to platinum boat and placed to reactor in sulphate preparation line. Reduction process was taken place at the temperature of 1200 o C under vacuum condition, its reaction as follow:
The released water vapor was trapped using acetonedry ice mixture (about -78 o C) whereas CO and CO 2 gas were passed and trapped in a discharge tube which was placed in liquid nitrogen dewar (-196 o C). Conversion of CO to CO 2 gas was taken place under high voltage current (1.2 KV), which passed through two platinum electrodes in the discharge tube. The evolved CO 2 gas was transferred to a sample bottle and ready to be injected to mass spectrometer. [8] O-18 isotope in water was analyzed according to Epstein-Mayeda method. Analysis was done on carbon dioxide released from O-18 isotopic exchange reaction between water samples and CO 2 reference. About 2 ml water samples in vessel reaction, which has been evacuated, were flown by CO 2 gas reference and shaked for overnight at constant temperature (usually 25 0 C) in order to equilibrate both compounds. The following isotopic exchange reaction will occur: 
Analysis of O-18 isotope in water
RESULT AND DISCUSSION
This experiment was successfully carried out with helping Directorate of Environmental Geology-Bandung that has supplied for bore wells data, depth and locations, and actively participated in collecting groundwater samples.
The depths and locations of bore wells in Jakarta are shown at Table 1 whereas points for sampling locations are mapped at Fig 1. Previously, the other experiment has been conducted by Wandowo, et.al [9] and declared that Jakarta upper confined groundwater is supplied by meteoric water infiltrating at the altitude of 130 -280 m. This area is located in surroundings of Sawangan-Depok and Bogor. This conclusion was based on the similarity of δ Beside oxygen isotope in water, oxygen isotope in sulphate was also analyzed in this experiment. As mentioned above, the relationship between both data can be used to understand a process or reaction influencing in oxygen isotope distribution in groundwater sulphate. . As we know that Jakarta has flat land areas with the north part is covered by shores so that its lithological composition in surficial aquifer and bedrock aquifer is greatly made of sedimentary rock from marine sediment material. Its surficial aquifer is mainly composed by alluvial deposit consisting of clay, sand, gravel and boulders covering to coastal, river and swamp deposit. The north part is formed from coastal deposits that consist of fine to course sand and supposed its formation come from marine environment. Its bedrock aquifer is composed mainly during Pliocene and Miocene period in the environment of open shallow marine. But, some areas are made of sedimentary from swamp, old river of Cisadane and volcanic rock [10] .
Sampling point of JUT-16 which lies around Pejagalan-Penjaringan -North Jakarta has δ 18 O (SO 4 2-) value of 9.611 0 / 00 SMOW. This value was greatly closed to δ 18 O (SO 4 2-) value of modern seawater that has homogenous value of 9.5 0 / 00 [1] . It indicated that seawater intrusion has taken place in this groundwater to the depth of 83-132 m. This indication was also supported by its high chloride concentration of 3353.9 ppm [9] .
Phenomenon of seawater intrusion might also occur in JUB-21, namely around Kamal MuaraPenjaringan -North Jakarta, that has δ 18 O (SO 4 2-) value of 9.702 0 / 00 SMOW. However, its lower chloride concentration of 254.6 ppm [9] indicated that seawater intrusion in this area was not much higher than that occurred in Pejagalan. Point of JBB-4 located in Kedaung Kaliangke-Cengkareng has chloride content of 510 ppm [9] Seemly, reaction 3 may be an important sulphide oxidation to contribute considerable amount of sulphate to deep groundwater of Jakarta and produce gypsum or anhydrite minerals. The most common case in sulphate groundwater predicts the contribution from water to be 0% to 25% for non-saturated condition and 25% to 75% for saturated condition [2] . 4 2-) values of deep groundwater and that of marine evaporite sulphate rocks, it is supposed that sulphate in Jakarta deep groundwater was derived from dissolution of this rocks. There was an indication of seawater intrusion around Pejagalan and Kamal Muara Penjaringan area based on their δ 18 O (SO 4 2-) values. The contribution of oxygen from water in sulphide oxidation reaction ranged 0% to 12% suggesting that oxygen sulphate was mainly derived from atmospheric molecular oxygen.
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